The same protocol was repeated except the 1 HNMR scans were acquired at 90 °C for 360 minutes. Table 1 shows the integration data acquired for the analyses at 80 °C and 90 °C. Figure S1 shows a representative 1 H NMR waterfall plot (also taken at 90 °C, 1 spectrum per minute) for this interchange. 1 H NMR (acetal region) of the reaction between MeOCH 2 OMe (4.63 ppm) and EtOCH 2 OEt (4.49 ppm) at 90 ºC in the presence of 0.5 mol% p-toluene sulfonic acid as catalyst. The peaks are normalized to the EtOCH 2 OEt peak-thus highlighting the growth of the mixed acetal, MeOCH 2 OEt (4.56 ppm) over 50 minutes. One spectrum (4 transients) per minute is shown. 
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The above data were manipulated in Excel to generate the four plots in Figure S2 . Figure The slope value at each 5 minute time interval was generated by a local regression analysis (in Excel, using the SLOPE(A1:A5,B1:B5) function) that included 5 data points (over 20 minutes) for the 80°C reaction and 3 data points (over 10 minutes) for the 90 °C reaction. For the latter, the inclusion of 5 data points was impractical because the concentration change over each 20 minute time interval was too great. The numerical data employed to generate Figure S2d is given in Table  S2 . For the 80 °C reaction, regression analysis from 15 to 105 minutes provides slopes of 3.26 (R 2 = 0.957) and 3.07 (R 2 = 0.969). For the faster 90 °C reaction, regression analysis from 10 to 25 minutes provides slopes of 2.70 (R 2 = 0.935) and 3.66 (R 2 = 0.977). The best interpretation of this kinetic analysis is that the reaction is third-order with rate = 
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Distillate analysis of an acetal metathesis polymerization Figure S3 . The distillates from the high temperature polymerization of diethyoxymethane (excess) and 1,10-decanediol are analyzed by 1 H NMR. Ethanol (triangles), the product of transacetalization, is found only in the first fraction. Diethoxymethane (circles) is found in the first three fractions and is depleted as acetal metathesis progresses. The fourth fraction is almost exclusively the high boiling solvent, xylenes (diamonds), but contains the acetals evolved as chain ends react to make high molecular weight polymer.
A 100 mL round bottom flask was charged with 1.74 g (10 mmol) of 1,10-decanediol, 38 mg (2 mol%) of para-toluenesulfonic acid (p-TSA), 15.0 mL of xylenes, and 37.55 mL (300 mmol) of diethoxymethane. The flask was then fitted with a distillation head and the mixture was stirred under a nitrogen atmosphere for 1 hour at 80 ºC. The temperature was then raised to 115 ºC and the stirring continued for another 1 hour. Under these conditions ethanol, the main byproduct of the first stage of the polymerization, and diethoxymethane distilled out of the reaction mixture. The presence of ethanol in this first fraction was confirmed by NMR analysis.
• Fraction #1 collected ( Figure S3 ), containing ethanol, diethoxymethane, and no xylenes The temperature was then raised to 135 ºC and held at this temperature for 1 hour while a second distillation fraction was collected. This second fraction is clearly rich in diethoxymethane with some trace amounts of xylenes.
• Fraction #2 collected ( Figure S3 ), containing no ethanol, diethoxymethane and trace xylenes
The temperature was then raised to 200 ºC and held at that temperature for 1 hour while a third distillation fraction was collected. This fraction was much richer in xylenes but it did contain a significant amount of diethoxymethane.
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• Fraction #3 collected ( Figure S3 ), containing no ethanol, diethoxymethane, and xylenes After 1 hour, the system was placed under vacuum while the fourth fraction was collected. The collection flask for the fourth fraction was cooled with liquid nitrogen to stop the distillate from evaporating under low pressures. Once distillation ceased, the collection flask was replaced with an empty flask and the reaction continued. The system was kept under vacuum for a total of 12 hours before cooling. Analysis of the final fraction indicated that the distillate contained only trace amounts of diethoxymethane and copious amounts of xylenes.
• Fraction #4 collected ( Figure S3 ), containing no ethanol, trace diethoxymethane, and xylenes Once cool, the product was dissolved in a minimal amount of methylene chloride. 1 mL of aqueous 1M NaOH solution was added to the mixture to quench any excess acid. The polymer was crashed out of solution by pouring the mixture into 300 mL of cold methanol. The polymer was isolated by filtration and washed with copious amounts of methanol, acetone, and finally ether. The polymer was dried under vacuum overnight to give a white powder in 75% yield (1.39 g).
1 H NMR (CDCl 3 ): δ ppm 1.33 (m, 12 H), 1.58 (m, 4 H), 3.52 (t, J=6.7 Hz, 4 H), 4.67 (s, 2 H). 13 C NMR (CDCl 3 ): δ ppm 26. 2, 29.5, 29.6, 29.8, 67.8, 95 .2. GPC analysis: M w = 51,700 Da; M n = 21,700 Da; Đ = 2.38 ( Figure S4 ). Figure S4 . Gel permeation chromatography (GPC) was performed at 40 °C using a Waters Associates GPCV2000 liquid chromatography system with an internal differential refractive index detector and two Waters Styragel HR-5E columns (10 μm PD, 7.8 mm i.d., 300 mm length) using HPLC grade tetrahydrofuran (THF) as the mobile phase at a flow rate of 1.0 mL/min. Calibration was performed with narrow dispersity polystyrene standards. 
Nucleophilicity index (ω -) computations
with chemical potential µ = (E HOMO + E LUMO )/2 and hardness η = (E LUMO -E HOMO ).
In turn, E LUMO and E HOMO are calculated with Spartan 10 according to MP2/6-311++G**. 
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Synthesis and polymerization of decanediol bis-acetal
Monomer synthesis A 1 liter round bottom flask was charged with 17.43 g (0.100 mol, 1 eq.) of 1,10-decanediol, 208.30 g (2.00 mol, 20 eq.) of diethoxymethane, 0.190 g (1 mol%) of para-toluenesulfonic acid, and 100 mL of toluene. A distillation head was attached to the flask and the mixture was heated for 24 hours to distill out principally ethanol. When the ethanol byproduct was finished evolving, the distillation head was replaced by a reflux condenser and the mixture was then refluxed for 48 hours. After cooling, the reaction was quenched with 3 mL of triethylamine. Toluene and the excess diethoxymethane were removed by rotary evaporation before placing the product on the vacuum line for further drying over 24 hours under dynamic vacuum. The liquid product was then passed through a basic alumina column to give the product as a colorless oil in 72% yield (21.03 g 29.3, 29.4, 29.7, 62.9, 67.7, 94.9 . Polymerization A 100 mL round bottom flask was charged with 2.90 g (10 mmol) of the decanediol bis-acetal and 19 mg (1 mol%) of para-toluenesulfonic acid (p-TSA). The mixture was stirred under a nitrogen atmosphere for 30 minutes at room temperature before raising the temperature to 125 ºC. The mixture was stirred under a nitrogen atmosphere at 125 ºC for another 30 minutes before applying vacuum for 2 hours. The temperature was then raised to 200 ºC and the stirring continued for another 10 hours before cooling. The product was dissolved in a minimal amount of methylene chloride. 1 mL of aqueous 1M NaOH solution was added to the mixture to quench any excess acid. The polymer was precipitated out of solution by pouring the mixture into 300 mL of cold methanol. The product was isolated by filtration and washed with copious amounts of methanol, acetone, and finally ether. The polymer was dried under vacuum overnight and was obtained as a white powder in 95% yield (1.77 g). The overall yield over the two steps was 68%. 1 H NMR (CDCl 3 ): δ ppm 1.32 (m, 12 H), 1.55 (m, 4 H), 3.50 (t, J=6.6 Hz, 4 H), 4.65 (s, 2 H).
13 C NMR (CDCl 3 ): δ ppm 26. 2, 29.5, 29.6, 29.7, 67.8, 95 .2. GPC analysis: M w = 40,200 Da; M n = 22,000 Da; Đ = 1.83 ( Figure S5 Figure S5 . Gel permeation chromatography (GPC) was performed at 40 °C using a Waters Associates GPCV2000 liquid chromatography system with an internal differential refractive index detector and two Waters Styragel HR-5E columns (10 μm PD, 7.8 mm i.d., 300 mm length) using HPLC grade tetrahydrofuran (THF) as the mobile phase at a flow rate of 1.0 mL/min. Calibration was performed with narrow dispersity polystyrene standards.
